Summary: In 10 patients with malignant gliomas, the in tracerebral distribution of [99mTc]-hexamethylpropylene amine oxime ([99mTc]-HM-PAO) was studied with single photon emission computed tomography (SPECT) in com parison with C150 2 steady-state inhalation technique to measure cerebral blood flow using positron emission to mography (PET). In all instances, the cerebral [99mTc]_ HM-PAO distribution was comparable with the regional pattern of cerebral blood flow (rCBF) observed with
[99mTc]_HM_PAO has been introduced as a tracer for regional cerebral blood flow (rCBF) with single photon emission computed tomography (SPECT) (Holmes et aI., 1985; Nowotnik et aI., 1985; Ell et aI., 1985; Sharp et aI., 1986) . However, it remains unclear to what extent this new radiopharmaceuti cal truly reflects rCBF. We have compared the up take of [99mTc]_HM_PAO with another well established rCBF technique and we decided to study brain tumors because blood flow has been shown to vary over a wider range of values in tumor tissue than in normal brain (Wise et aI., 1984; Lam mertsma et aI., 1985; Brooks et aI., 1986) . This issue is important because the widely used blood flow agent N-isopropyl-[1 2 31]p-iodoamphetamine has been shown to be a poor tracer for measuring rCBF in brain tumors (Creutzig et aI., 1986) . Therefore, Address correspondence and reprint requests to Dr. K.-J. Langen at Institute of Medicine, KFA Jiilich, Postfach 1913, 0-1570 Jiilich, Federal Republic of Germany.
Abbreviations used: rCBF, regional cerebral blood flow [99ffiTc]_HM_PAO, [99ffiTc]-Hexamethyl-propylene amine ox ime-PET, positron emission tomography-SPECT, single pho ton emission computed tomography-TCT, transmission com puted tomography.
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PET. This was confirmed by a significant correlation of tumor to cortex and tumor to white matter ratios between these two experimental methods. However, the contrast between high and low activity regions in the SPECT scans was significantly less than that in the PET scans. Contrast enhancement of the SPECT scans was accom plished using a correction formula proposed by Lassen.
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we chose patients with malignant glioma to com pare the intracerebral distribution of [99mTc]_ HM-PAO with rCBF measured by the continuous inhalation of C 150 2 and PET (Frackowiak et aI., 1980) .
METHODS
Ten patients with histopathologically proven glioblas toma grade IV were first studied with positron emission tomography (PET) during continuous inhalation of C1502 using the ECA T II scanner to measure rCBF as described by Frackowiak et al. (1980) . C1502 was applied to the patient by a mask with 10 mCi/min. Samples of arterial blood were withdrawn using a cannula in the radial ar tery. For the calculation of rCBF, the water partition co efficient was assumed to be 1.0 in normal and diseased brain. Scans parallel to the orbitomeatal line were ac quired at the level of the tumor determined by transmis sion computed tomography (TCT). The orbitomeatal line was controlled by a laser beam.
A total of 440 MBq of [99mTc]_HM_PAO was injected intravenously at the end of the PET scan to ensure the same functional state of the patient's brain for both SPECT and PET study. Prior to the SPECT study, a pla nar image in lateral view was obtained with the patient's eye and auditory meatus marked by two 57CO point sources. From this image, the angle between the orbito meatal and the transversal planes needed for the refor mating of orbitomeatal slices could be determined. Fif-r99mTCj-HM-PAO SPECT OF BRAIN TUMORS S91 teen minutes after the end of the PET study, the acquisi tion of 64 images for 35 s was started using a Philips Diagnost Torno Gamma Camera with a 30° slant-hole col limator (Herzog et ai., 1985) . After 4-2�1 weighted low pass prefiltering of the projection images and correction for attenuation, transversal slices were reconstructed by filtered backprojection and reformated into orbitomeatal parallel slices. The in-plane resolution of reconstructed PET and SPECT tomograms were comparable, with 16 mm for PET and 14 mm for SPECT. Slice thickness was 20 mm for PET and 15 mm for SPECT. PET and SPECT data were analyzed with the same computer system so that identical regions of interest (ROls) could be used for both methods.
Corresponding orbitomeatal parallel planes of PET and SPECT were evaluated by ROls placed over the tumor, the contralateral cortex, and an area of white matter. The size of ROls ranged from 6 to 20 cm 2 for tumors, from 23 to 35 cm 2 for cortex, and from 3 to 6 cm 2 for white matter.
Ratios of cortex to white matter, tumor to cortex, and tumor to white matter were calculated and compared. The linear regression line and the correlation coefficient were calculated for the ratios of tumor to cortex and tu mor to white matter matter of SPECT and PET data.
Animal experiments have shown that the cerebral dis tribution of [99mTcl-HM-PAO is not directly proportional to blood flow (Costa et ai., 1986) . Lassen et ai. (1987) have proposed an algorithm to correct for this "nonlin earity":
The ratio of the count rate C of each pixel and the count rate Cr of a reference region is corrected by this algorithm to obtain the true ratio of flow F and flow of the reference region Fr. The SPECT scans were corrected by this algo rithm with the cerebellum as reference region Cr (the side with highest concentration in the case of diaschisis). After the "linearization" correction of the SPECT scans, the ratios of cortex to white matter, tumor to cortex, and tumor to white matter of SPECT and PET were compared again. 3 and 4) . The cortex to white matter ratio in the corrected SPECT scans increased from 1.2 to 1.3 but was still significantly less than that obtained with CI50 2 inhalation and PET ( Fig. 5 , p < 0.05).
RESULTS

DISCUSSION
In the comparative study described here, a sig nificant correlation of intracerebral distribution ra tios of [99ffiTc]_HM_PAO uptake in brain tumors and rCBF patterns determined by CI50 2 inhalation and PET was found.
With respect to the reliability of the PET method, it has to be taken into account that the 150 steady state inhalation method is encumbered with some methodological problems, especially in the case of brain tumors (Lammertsma et al., 1981; Hersco vitch and Raichle, 1983) . For example, the partition coefficient of water is assumed to be 1.0 in diseased and undiseased brain tissue. Potential variations of the partition coefficient of water, especially in het erogeneous brain tumor tissue, may cause some un certainties. The error in the calculation of rCBF due to alterations of the water partition coefficient is greater in the case of high blood flow, whereas for low blood flow the error is usually low (Lam mertsma et aI., 1981; Herscovitch et aI., 1983) . In 9 of the 10 patients studied, the rCBF and tumor blood flow were in the low range (see Table 1 ). PET come very close to a 1:1 relationship (Fig. 3) .
The [99ffiTc]_HM_PAO SPECT scans exhibited
The cortex to white matter ratio increased with "linearization" of the SPECT images but was still significantly less than the cortex to white matter ratio obtained with PET. This remaining difference may be explained by the scatter in SPECT, which is greater than that in PET. Nevertheless, the correc tion function appears to be an acceptable approach to linearize the [99mTc]_HM_PAO SPECT images in terms of blood flow.
In summary, it appears that there is a high prob ability that the uptake of [99mTc]_HM_PAO in brain tumors is governed by blood flow.
[99mTc]_HM_ PAO brain uptake may become a routine procedure to reflect CBF because it is readily available, less labor-and cost-intensive, and less disturbing to the patient than other methods to measure CBF. The 
